Background-To assess the utility of clinical definitions of the metabolic syndrome (MetS) to identify individuals with increased cardiovascular risk, we examined the relation between the MetS, using both the National Cholesterol Education Program (NCEP) and the World Health Organization definitions, and all-cause and cardiovascular mortality in San Antonio Heart Study participants enrolled between 1984 and 1988. Methods and Results-Among 2815 participants, 25 to 64 years of age at enrollment, 509 met both criteria, 197 met NCEP criteria only, and 199 met WHO criteria only. Over an average of 12.7 years, 229 deaths occurred (117 from cardiovascular disease). Moreover, in the primary prevention population of 2372 participants (ie, those without diabetes or cardiovascular disease at baseline), 132 deaths occurred (50 from cardiovascular disease). In the primary prevention population, the only significant association adjusted for age, gender, and ethnic group was between NCEP-MetS and cardiovascular mortality (hazard ratio [HR], 2.01; 95% CI, 1.13-3.57). In the general population, all-cause mortality HRs were 1.47 (95% CI, 1.13-1.92) for NCEP-MetS and 1.27 (95% CI, 0.97-1.66) for WHO-MetS. Furthermore, for cardiovascular mortality, there was evidence that gender modified the predictive ability of the MetS. For women and men, respectively, HRs for NCEP-MetS were 4.65 (95% CI, 2.35-9.21) and 1.82 (95% CI, 1.14 -2.91), whereas HRs for WHO-MetS were 2.83 (95% CI, 1.55-5.17) and 1.15 (95% CI, 0.72-1.86). Conclusions-In summary, although both definitions were predictive in the general population, the simpler NCEP definition tended to be more predictive in lower-risk subjects.
T he metabolic syndrome (MetS) is recognized as a cluster of cardiovascular risk factors that frequently coincide with insulin resistance and hyperglycemia. 1 The MetS is a strong predictor of type 2 diabetes, and many studies have investigated the association between the MetS and incident cardiovascular disease (CVD). However, because of the varying definitions used for the MetS, the magnitude and impact of the cardiovascular risk associated with the MetS is difficult to assess across studies.
Recently, the National Cholesterol Education Program (NCEP) and the World Health Organization (WHO) established different criteria for the clinical diagnosis of the MetS. 2, 3 Few studies have compared the ability of NCEPMetS and WHO-MetS to predict CVD or all-cause mortality. 4 -6 If either NCEP-MetS or WHO-MetS is a predictor of CVD or all-cause mortality, the MetS could become an important clinical tool used to identify individuals at high risk of CVD. Hence, our objective was to examine the relation between the MetS, using both the NCEP and the WHO definitions, and all-cause and cardiovascular mortality in San Antonio Heart Study (SAHS) participants enrolled between 1984 and 1988.
Methods

SAHS Design and Population
The SAHS cohort consists of 5158 participants, recruited at baseline in 2 phases: phase 1, between 1979 and 1982, and phase 2, between 1984 and 1988. The current analyses are focused on the 2941 SAHS participants enrolled during phase 2 of recruitment. Details of the study design have been previously published. [7] [8] [9] The Institutional Review Board of the University of Texas Health Science Center at San Antonio approved the study, and all subjects gave informed consent.
Baseline SAHS Cohort Examination
The baseline SAHS cohort examination was standardized and included interviews, blood pressure measurements, anthropometry, a fasting venipuncture, and an oral glucose tolerance test. Trained interviewers obtained information on demographic variables, medical history, medication use, and smoking status.
Ethnic group was defined by a validated algorithm. 7 Participants were asked to fast for at least 12 hours before their examination. Measurement of blood pressure, body mass index (BMI), waist circumference, total and HDL cholesterol, triglycerides, and plasma glucose and insulin (fasting and 2 hours after a standardized oral glucose load) have been previously described. 9, 10 Diabetes was defined as fasting plasma glucose Ն126 mg/dL and/or 2-hour postload glucose Ն200 mg/dL. 2 Participants not meeting these criteria but who reported current therapy with diabetes medication (either oral or insulin) were also considered to have diabetes. Prevalent Rose angina was ascertained through the use of the London School of Hygiene Chest Pain Questionnaire. 11 Prevalent heart disease and stroke were defined on the basis of self-reported physician diagnoses. A history of CVD was defined as having had a heart attack, stroke, or Rose angina.
NCEP-MetS was defined according to the guidelines as having at least 3 of the following NCEP metabolic abnormalities: fasting glucose Ն110 mg/dL or taking medication for diabetes, abdominal obesity (waist circumference Ͼ102 cm in men or Ͼ88 cm in women), triglycerides Ն150 mg/dL, low HDL cholesterol (Ͻ40 mg/dL in men, Ͻ50 mg/dL in women), or high blood pressure (HBP, Ն130/Ն85 mm Hg). 3 WHO-MetS was defined according to the guidelines, with the following modifications: information on microalbuminuria was not available, and hyperinsulinemia was defined by the upper quartile of fasting insulin levels in nondiabetic SAHS participants. 2 The WHO-MetS definition required a participant to have one of the following WHO metabolic abnormalities: hyperinsulinemia (defined as the upper quartile of the nondiabetic population), a 2-hour glucose Ն140 mg/dL, a fasting plasma glucose Ն110 mg/dL, or taking medication for diabetes. Collectively, these metabolic abnormalities were referred to as WHO INS/GLU. An individual additionally had to have at least 2 of the following metabolic abnormalities: abdominal obesity (either a BMI Ն30 kg/m 2 or a waist-to-hip ratio [WHR] Ͼ0.90 in men or Ͼ0.85 in women), dyslipidemia (triglycerides Ն150 mg/dL) and/or low HDL cholesterol (Ͻ35 mg/dL in men, Ͻ39 mg/dL in women), or HBP (Ն140/Ն90 mm Hg). Please note that microalbuminuria (urinary albumin excretion rate Ն20 g/min or albumin:creatine ratio Ն30 mg/g) is included in the WHO-MetS definition but not in our modified WHO-MetS definition.
Study Population, Follow-Up, and Events
Of the 2941 SAHS participants eligible for inclusion, 112 individuals were excluded because the information required to define NCEPMetS and/or WHO-MetS was not available, and 14 individuals were excluded because we were unable to contact them after their baseline examination. Hence, the general study population included 2815 participants. A subset of this study population consisted of the 2617 individuals without a history of CVD at baseline, and a further subset, which we refer to as the primary prevention population, included 2372 individuals with neither diabetes nor a history of CVD at baseline.
Vital status was determined by annual mailed questionnaires, completed by a participant or his or her next of kin. In cases of nonresponse, we used telephone interviews, home visits, voting records, driver registration, the National Death Index, and addresses from the San Antonio Retail Merchants' Association to determine a participant's vital status. Among the 2815 participants in this study, 18 people had incomplete vital status ascertainment through January 1, 2000 (ascertainment rate, 99.4%).
Information on cause of death was abstracted from death certificates (with names and ethnic identifiers suppressed) and sent to a certified nosologist (Medical Coding and Consultation Services, Rolesville, NC) for coding according to the International Classification of Diseases, Ninth Revision (ICD-9). Cardiovascular mortality was not limited to the underlying cause of death but was defined as death with the mention anywhere on the death certificate of ICD-9 codes 401 to 405 (hypertensive), 410 to 414 (ischemic), and 420 to 429 (other cardiovascular), with the exception of 427.5 (cardiac arrest), 430 to 439 (stroke), or 440 to 447 (arteries, and so forth). Three individuals who died without cause of death information were excluded from the cardiovascular mortality analyses.
Statistical Analyses
Prospective analyses were carried out in which NCEP and WHOMetS determined a person's exposure status and all-cause and cardiovascular mortality were the outcomes of interest. Analyses were done in the general study population, in the population limited to those without CVD at baseline, and in the primary prevention population (ie, those with neither diabetes nor a history of CVD at baseline).
The prevalence of each individual NCEP-MetS and WHO-MetS component was determined in the general study population and stratified by presence and absence of the MetS. Age-and genderadjusted means and proportions were determined for participant characteristics stratified by neither NCEP or WHO MetS, NCEPMetS only, WHO-MetS only, and both NCEP and WHO MetS. These analyses were done in the general and primary prevention population. In addition, in the primary prevention population, Kaplan-Meier survival estimates for cardiovascular mortality were graphed over the follow-up period for participants with and without NCEP-MetS and WHO-MetS.
Cox proportional hazard models adjusted for age, gender, and ethnic group were used to calculate hazard ratios (HRs) for all-cause and cardiovascular mortality in relation to NCEP-MetS, WHOMetS, and the individual components contributing to each MetS. The association between the MetS and all-cause and cardiovascular mortality was assessed in the general population, the population limited to those without CVD at baseline, and the primary prevention population. Furthermore, models with and without the appropriate interaction terms were compared to identify interactions between gender and ethnic group and each MetS in relation to all-cause and cardiovascular mortality; a probability value of 0.05 was used as a nominal value of statistically significant interaction. For all analyses involving NCEP-MetS or WHO-MetS, the assumption of proportional hazards was evaluated by testing for interaction with a continuous time variable.
Results
The study population included 1910 individuals without the MetS, 197 with only NCEP-MetS, 199 with only WHOMetS, and 509 with the MetS by both definitions. Participants were followed an average of 12.7 years. Before January 1, 2000, participants had a total of 229 deaths: 117 had CVD mentioned on their death certificate.
In the general population, the population limited to individuals without CVD at baseline, and the primary prevention population, the prevalence of NCEP-MetS was 25.2%, 23.2%, and 17.5%, respectively, whereas the prevalence of WHO-MetS was 25.2%, 23.3% and 17.9%, respectively. The prevalence of each individual NCEP-MetS and WHO-MetS component for the total population as well as stratified by presence or absence of the MetS is found in Table 1 . Age-and gender-adjusted means and proportions for participant characteristics stratified by NCEP/WHO MetS are found for the general and the primary prevention population in Table 2 . In the general study population, participants with only NCEPMetS on average had higher blood pressure levels, higher fasting glucose levels, higher triglyceride levels, lower HDL cholesterol levels, and a higher waist circumference but lower fasting insulin and 2-hour glucose levels than participants with only WHO-MetS. In the primary prevention population, results were similar; however, those with only WHO-MetS were younger, more likely to be Mexican American, and had higher fasting glucose levels than those with only NCEPMetS; there was no longer a significant difference in HDL cholesterol levels.
During the follow-up period in the general population, the population limited to individuals without CVD at baseline, and the primary prevention population, 229, 182, and 132 all-cause mortality deaths occurred, respectively; of these deaths, 117, 84, and 50, respectively, were attributed to cardiovascular mortality. In the primary prevention population, unadjusted Kaplan-Meier survival estimates are illustrated over the follow-up period for cardiovascular mortality for participants with and without the MetS, as defined by NCEP-MetS and WHO-MetS criteria (Figure) .
Age-adjusted, gender-adjusted, and ethnic group-adjusted HRs for all-cause and cardiovascular mortality in relation to NCEP-MetS, WHO-MetS, and the individual components contributing to each MetS are found in Table 3 for the general population, the population limited to those without CVD at baseline, and the primary prevention population. In the general population, NCEP-MetS was predictive of all-cause mortality (1.47 There was no evidence of interaction with ethnic group in either the general or in the primary prevention population; however, in the general population there was evidence that gender modified the association with cardiovascular mortality for both NCEP-MetS (Pϭ0.03, interaction) and WHO-MetS (Pϭ0.02, interaction). The cardiovascular mortality HRs for NCEP-MetS were 4.65 (95% CI, 2.35-9.21) and 1.82 (95% CI, 1.14 -2.91) for women and men, respectively, whereas corresponding HRs for WHO-MetS were 2.83 (95% CI, 1.55-5.17) and 1.15 (95% CI, 0.72-1.86) ( Table 4 ). In contrast, in the primary prevention population, there was no definitive evidence of an interaction with gender for either NCEP-MetS (Pϭ0.72, interaction) or WHO-MetS (Pϭ0.17, interaction) with respect to cardiovascular mortality. Finally, in the population limited to those without CVD at baseline (although not statistically significant), with respect to cardiovascular mortality, there was the suggestion of an interaction with gender for WHO-MetS (Pϭ0.06, interaction) but not for NCEP-MetS (Pϭ0.21, interaction) ( Table 4) .
To evaluate the effect that diabetes had on the ability of gender to modify the association between NCEP-MetS and cardiovascular mortality, gender-specific HRs were determined, comparing those with NCEP-MetS without diabetes, diabetes without NCEP-MetS, and both NCEP-MetS and diabetes with individuals without diabetes or NCEP-MetS (Table 4) . Throughout all analyses of the ability of NCEPMetS and WHO-MetS to predict all-cause and cardiovascular mortality, there was no evidence that the assumption of proportional hazards was violated.
Discussion
In the general population, NCEP-MetS predicted all-cause and cardiovascular mortality, whereas WHO-MetS predicted only cardiovascular mortality. Furthermore, similar to diabetes in the Framingham Study and other studies, there was evidence that gender modified the ability of both NCEP-MetS †In the general population, the NCEP-IFG category includes all individuals with a fasting glucose level Ն110 mg/dL as well as individuals taking medications for diabetes.
‡Limited to those without diabetes or a history of CVD.
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and WHO-MetS to predict cardiovascular mortality. 12 Each definition of the MetS was more predictive of cardiovascular mortality in women than in men, and although NCEP-MetS was predictive in both women and men, WHO-MetS was only significantly predictive in women. Although the NCEP criteria for the MetS are viewed as simpler and are more commonly used in the United States, the WHO criteria are more widely accepted and used in Europe. 4, 6 Furthermore, although the NCEP-MetS was developed in the context of increasing worldwide rates of obesity and decreasing physical activity as a tool to identify individuals at high cardiovascular risk, the WHO-MetS was developed with the underlying cause of the insulin resistance syndrome in mind. Why was NCEP-MetS a better predictor of all-cause and cardiovascular mortality in our population? The prevalences of NCEP-MetS and WHO-MetS were similar in our population. Each definition of the MetS considered HBP differently; the NCEP-MetS definition had lower thresholds for HBP but gave more weight to HBP and therefore on average identified individuals who had higher blood pressure levels than WHO-MetS identified. Furthermore, high-normal blood pressure (systolic, 130 to 139 mm Hg, or diastolic, 85 to 89 mm Hg) included as HBP by the NCEP-MetS was shown to be associated with increased CVD in the Framingham Study. 13 Waist circumference, a marker of visceral adiposity and an established cardiovascular risk factor, was higher in individuals with NCEP-MetS than in individuals with WHO-MetS. NCEPMetS identified individuals with higher levels of triglycerides and in the general population identified individuals with lower HDL cholesterol levels but in the primary prevention population identified older individuals. Finally, the importance of insulin resistance in predicting CVD may be partially determined by the population studied and the prevalence of the core components of the MetS in that population. Hence, requiring insulin resistance when glucose levels (both fasting and 2-hour) are normal may weaken the predictive value of the WHO-MetS for CVD in some populations. At least two other studies have investigated the association between the MetS as defined by NCEP or WHO and mortality. 4, 6 The Botnia Study in Sweden and Finland investigated the association between WHO-MetS and cardiovascular morbidity and mortality in 4483 men and women 35 to 70 years of age. 6 Cardiovascular mortality rate was higher in those with WHO-MetS (12.0%) than in those without (2.2%). Differences between our WHO-MetS definition (based on 1999 WHO) and the Botnia Study WHO-MetS definition (based on 1998 WHO) include the use of fasting insulin versus the HOMA IR index, the inclusion of microalbuminuria in the Botnia Study, and the higher systolic blood pressure cut-point in the Botnia Study (160 versus 140 mm Hg). Finally, the median follow-up in the Botnia Study was 6.9 years, considerably shorter than in the current study. The Kuopio Ischemic Heart Disease Risk Factor Study in central Finland investigated the association between NCEP-MetS and WHO-MetS and all-cause and cardiovascular mortality in 1209 men 42 to 60 years of age without CVD, diabetes, or cancer at baseline. 4 Although NCEP-MetS and WHO-MetS were consistently associated with coronary heart disease mortality, contrary to our results, only WHO-MetS was consistently associated with cardiovascular and all-cause mortality. Explanations for the discrepant results may include (1) differences in the WHO-MetS definitions, (2) oral glucose tolerance tests not completed in the Kuopio Study, and (3) differences in prevalence rates of the core metabolic components in the two populations. Specifically, obesity is particularly prevalent in the United States, whereas hypertension is particularly prevalent in European populations. 14, 15 The modification by gender of the association between the MetS and cardiovascular mortality in the general population has not previously been reported. It is important to establish whether, similar to diabetes, 12 the relative hazard associated with the MetS for cardiovascular mortality rate is greater in women than in men. The fact that the association between the MetS and cardiovascular mortality is not modified by gender in the primary prevention population may indicate that frank diabetes is responsible for the modification. Furthermore, when individuals were categorized on the basis of both their NCEP-MetS and diabetes status, the gender modification of the association with cardiovascular mortality relative to those without NCEP-MetS or diabetes was statistically significant only in individuals with both NCEP-MetS and diabetes. However, this is contrary to earlier findings in the SAHS of increased relative cardiovascular risk among prediabetic women in comparison to men. 16 Furthermore, given the low prevalence of the MetS and the few cardiovascular deaths (nϭ50) in the primary prevention population, limited statistical power is a second explanation for our inability to detect a gender modification in this population subset. Third, if men with the MetS were more likely to survive a CVD event than women with the MetS, survival bias could explain the modification by gender in the general population. Finally, exclusion of individuals with baseline CVD differentially affected the number of individuals meeting either one or both of the criteria for the MetS; hence, of the individuals meeting either criteria, the percentage of individuals meeting both criteria was reduced, which may have contributed to gender differences between the general and primary prevention populations.
Perhaps the main limitation of our study is the absence of information on microalbuminuria in our study participants. However, in a recent publication of the Insulin Resistance Atherosclerosis Study population, only between 5.5% and 6.2% of participants without diabetes had evidence of microalbuminuria. 17 Furthermore, in our study, because most participants with diabetes already had WHO-MetS (78.2%) and an additional 4.3% of participants even with microalbuminuria would not have been classified as having WHOMetS, only 17.5% of participants with diabetes could have been affected by the inclusion of information on microalbuminuria. Hence, the effect of inclusion or exclusion of microalbuminuria in defining the MetS in individuals with normoglycemia, in individuals with IFG and/or impaired glucose tolerance, and in individuals with diabetes appears minimal. These results, combined with the controversy surrounding microalbuminuria as a component of the MetS, suggest that our modified WHO-MetS definition is sufficient. 18 Given the current obesity and type 2 diabetes epidemics, it is important to develop clinical screening tools to identify individuals with high cardiovascular risk early in the disease process. In our study, among individuals without diabetes or CVD at baseline, NCEP-MetS identified individuals at increased risk of cardiovascular mortality; hence, the MetS indicates a modest increase in cardiovascular risk but not equivalent to the risk associated with diabetes or a history of coronary heart disease. Furthermore, the simpler NCEP definition tended to be more predictive in lower risk subjects. 
